Abstract
NH 4 H 2 PO 4 is used for flame retardant and dripirrigation fertilization, which needs high pure NH 4 H 2 PO 4 . In the past, the high purity of NH 4 H 2 PO 4 is manufactured with thermal-process phosphoric acid. The cost of thermal-process phosphoric acid is very high. The yellow-phosphorus manufacturers are closed one after the other because of the pressure from the energy consumption and environment protection. The cost of yellow phosphorus, as a basic raw material of thermal--process phosphoric acid is becoming higher and higher. Therefore, the low cost of wet process phosphoric acid (WPA) are gradually paid attention to in recent years. However, there are some undesirable impurities (Fe 3+ , Al 3+ and Mg 2+ ) in WPA. They will lower the quality of NH 4 H 2 PO 4 products. To get the superior grade NH 4 H 2 PO 4 , WPA should be purified.
Improving the pH of the solution, usually between 4-4.5, the most of the metal ions can be removed, but there are still some Mg 2+ which can cause formation of troublesome water-insoluble substance in the following concentration and crystallization process. The main ingredient of water-insoluble substance is magnesiumcontaining phosphate. Therefore, Mg 2+ must be removed before concentrating the neutralized NH 4 H 2 PO 4 solution. Several methods based on solvent extraction [1, 2] are used to remove Mg 2+ industrially, however, in comparison with the solvent extraction process, an ELM process has main advantages such as very high mass transfer rates due to very thin liquid membrane and large interfacial areas between aqueous and organic phases, simultaneous extraction/stripping in one stage and small quantities of expensive extractant.
Since Li first applied an ELM to the separation of hydrocarbons [3] , ELMs came to be an effective tool for the purification or separation of various materials, involving the transport of precious metal ions [4] [5] [6] , rare earth elements [7] , drugs [8] [9] [10] [11] [12] , phenols [13] [14] [15] , fructose [16] [17] , and the treatment of seawater [18] and waste water [19] [20] [21] [22] .
Consequently, in this paper, the ELM process is introduced to extract Mg 2+ from the NH 4 H 2 PO 4 solution. The aim is to experimentally study the effects of various factors on the extraction efficiency using ELM.
EXPERIMENTAL

Materials
The solvent used in this work is kerosene. HEHPEHE is employed as an extractant produced by Luo Yang Zhong Da Chemical Company (China) (AR grade). The surfactant LYF is synthesized in our laboratory. Pure water is produced by Aquapro making-water machine (ABZ1-1001-P) in our laboratory.
Procedure
External aqueous solution (continuous phase) is prepared by dissolving magnesium sulfate heptahydrate in NH 4 H 2 PO 4 solution. Organic solution is prepared by dissolving HEHPEHE, as a carrier, and LYF as a surfactant in kerosene. Internal aqueous solution is prepared by dissolving hydrochloric acid in deionized water. A water-in-oil (W/O) emulsion (dispersed phase) is made by slow addition of the internal aqueous solution to the organic solution at optimal stirring speed (3000 rpm) by means of a motor-driven emulsifier (Shanghai Specimen Model Factory, China). The solution is stirred continuously for 5 min to obtain a white ELM as shown in Figure 1 . This high shear-agitator produced high speeds, generating emulsions with small size droplets around 0.5-100 μm. The prepared ELM is added to specific volume of external aqueous solution. The contents are stirred by means of motor--driven at 300 rpm speed for a different transfer time. 
Parameters that could affect the extraction process
To study Mg 2+ removal efficiency and advantages of the ELM process, it is necessary to optimize various parameters that could affect the process. The parameters to be optimized are the HEHPEHE volume fraction, reaction temperature, treat ratio (emulsion phase/external phase), phase ratio (membrane phase/ /internal phase), agitation speed, extraction time, internal phase concentration, surfactant LYF concentration and initial pH of NH 4 H 2 PO 4 solution.
Analysis
The concentration of Mg 2+ is determined by atomic absorption spectrophotometry (GF3000).
RESULT AND DISCUSSION
In the extraction process, the carrier (HA) reacts with the solute (Mg 2+ ) at the interface between organic and aqueous phases and forms an oil soluble complex according to the following equation:
where m is the aggregation number of HEHPEHE.
At the membrane solution phase -stripping solution interfaces according to the following equation:
The extraction ratio (E) is defined as followed: in the raffinate.
Effect of carrier concentration
It is well known that the efficiency of ELM is directly affected by the concentration of the carrier. In a lower carrier concentration, the interface between the feed solution and membrane is not saturated by the carrier. The increasing of the carrier concentration in ELM will lead to two effects: the viscosity of membrane phase decreases and hence increases the extraction rate. At the same time, the stability of the emulsion will decrease when the carrier concentration is increased to a certain limit [23] [24] [25] [26] . On the other hand, an increase in concentration of the carrier in the membrane phase will increase the extraction ability of the membrane phase. The effects of carrier concentration are shown in Figure 2 . 
Effect of treat ratio (emulsion phase / external phase)
It seems that a large amount of Mg 2+ and water could be transported into the internal phase at a high treat ratio. In fact, however, the net transport amount of Mg 2+ is limited by the capacity of the internal phase. As seen from Figure 3 , with the decreasing of treat ratio, the extraction ratio (E) decreases gradually. It is well known that HEHPEHE plays an important role in facilitating the Mg 2+ transport into the internal phase. As the absolute amount of HEHPEHE in the extraction process is decreased, undoubtedly, the transport efficiency of Mg 2+ also decreases. 
Figure 3. The effects of the treat ratio on the extraction ratio (E).
Effect of phase ratio (membrane phase / internal phase)
In order to form a stable and effective W/O emulsion, the phase ratio must exceed 1:1. With the increase of the phase ratio, the extraction and swelling rates are both strongly improved. The results are shown in Figure 4 . This is due to the absolute amount of each component in the membrane phase is raised. It is well known that the HEHPEHE plays an important role in facilitating the Mg 2+ transport into the internal phase. As the absolute amount of HEHPEHE in the membrane phase is increased, undoubtedly, the transport rate of Mg 2+ also increases. Meanwhile, it is also demonstrated by Jing Qing Shen [27] that increasing the absolute amount of HEHPEHE and LYF enhances the swelling rate of the membrane because of their hydration properties.
Effect of extraction time
For obtaining the extraction equilibrium time experiments of effect of extraction time on the extraction ratio (E) are carried out. From Figure 5 , it can be seen that the extraction equilibrium is achieved in 25 min.
So an extraction time of 25 min is used for all subsequent extraction and stripping experiments.
Effect of agitation speed
As the mixing speed increases, two phenomena occur: 1) the globule size decreases and 2) the breaking rate of the globules increases. A smaller globule size will lead to a larger transfer interfacial area between the feed and the membrane. This increased transfer area allows the extraction to occur at a higher rate, and explains the observations noted above. On the other hand, the higher rate of shear and subsequent higher rate of breakage of globules at the higher agitation speed values, the higher rate of breakage allows more leakage of the solute into the feed phase from the internal phase [28] . Therefore, from the Figure 6 , the optimum value for agitation speed is found to be 350 rpm. 
Figure 4. The effects of the phase mass ratio on the extraction ratio (E).
Figure 5. The effects of the extraction time on the extraction ratio (E).
Effect of initial pH of NH 4 H 2 PO 4 solution
The extraction efficiency of Mg 2+ is obviously affected by the acidity of NH 4 H 2 PO 4 solution. As shown in Figure 7 , the extraction efficiency increases with the increase of pH of NH 4 H 2 PO 4 solution. This may be explained as follows.
The strong acidity is favorable to form Mg 2+ . However, the strong acidity is unfavorable to the ion--exchange reaction between Mg 2+ and the carrier with an increase of H + concentration according to Eq. (1), because the equilibrium is shifted to the left side of the above extraction reaction with an increase in H + concentration. The final results are controlled by the competition of these two factors. 
Effect of HCl concentration in internal phase
It is quite clear from equation (2) that the transport of Mg 2+ through the liquid membrane is dependent on the H + concentration in the internal phase. The results shown in Figure 8 indicate that the extraction efficiency decreases with an increase of the concentration of the stripping agents. If the amount of protons increases up to 1.0 and 2.0 M, the Eq. (2) will shift backward and there may be difficulties in dissociating the MgCl 2 from MgA 2 . This causes the decrease in the efficiency.
Effect of surfactant LYF concentration in membrane
The surfactant concentration in the membrane phase is of crucial importance to any ELM system. While it ensures the stability of the membrane during the extraction, it also changes the viscosity of the membrane phase, so as to change the mass transfer resistance. Figure 8 shows the effects of various LYF concentrations on the extraction ratio (E). The figure indicates that the extraction ratio of Mg 2+ is improved with the increase of LYF concentrations. However, when the LYF concentration increases to certain value about 2.0%, the extraction ratio (E) remains almost unchanged. On the other hand, however, an extremely low surfactant concentration cannot stabilize the membrane. As seen from Figure 9 , a LYF concentration of 2.0% seems optimal. 
Figure. 9. The effects of the LYF concentration on the extraction ratio (E).
Effect of reaction temperature
The influence of temperature on the transport of Mg 2+ through the liquid membrane containing HEHPEHE in kerosene is examined at 293, 297, 301, 305, 309 and 313 K.
As can be seen in Figure 10 , the extraction efficiency increases as the temperature rises up. From the famous Van Figure 10 . The effects of the reaction temperature on the extraction ratio (E).
Examination
A kind of practical wet-process phosphoric acid is neutralized to pH 4.5 with ammonia and filtered. The neutralized solution is then extracted under the abovementioned optimal technological conditions. The superior grade NH 4 H 2 PO 4 is produced by the following concentration and crystallization process using the extracted solution. As Table 1 shows, the food grade NH 4 H 2 PO 4 can be obtained.
CONCLUSION
Based on the results of this research on the removal of Mg 2+ from NH 4 H 2 PO 4 solution with ELM, the following specific conclusions can be drawn:
1. ELM extraction is an effective method for the removal of Mg 2+ from NH 4 H 2 PO 4 solution. 2. The optimized parameters are as follows: the HEHPEHE volume fraction: 30%; the reaction temperature: 35 °C; the treat ratio: 1:2; the phase ratio: 4:1; the LYF volume fraction: 1-1.5%, the agitation speed: 300 r/min, the extraction time: 25 min, the internal phase concentration: 0.5 mol/L and the initial pH of NH 4 H 2 PO 4 solution: 4.5.
3. The enthalpy change ΔH of the extraction process is 3.67 kJ·mol -1 . 
